The white-rot basidiomycetes Phanerochaete chrysosporium is a model fungus used to investigate the secondary metabolism and lignin degradation. Genomic sequencing reveals the presence of at least 18 genes encoding putative epoxide hydrolases (EHs). One cDNA encoding EH (designated as PchEHA) was cloned and expressed in Escherichia coli. Transcriptional analysis demonstrated that the transcripts of PchEHA could be detected under the ligninolytic and nonligninolytic conditions as well as amended with anthracene. The recombinant enzyme exhibits broad hydrolytic activity toward several racemic epoxides including styrene oxide, epichlorohydrin, and 1,2-epoxybutane, but with different specificity. Using racemic styrene oxide as the substrate, the optimal pH and temperature are pH 9.0 and 408 8 8 8 8C, respectively. The enzyme is not sensitive to EDTA, and is inhibited by H 2 O 2 , and several metal ions including Zn 21 , Cd
Introduction
Epoxide hydrolase (EH; EC3.3.2.3) can catalyze the hydrolysis of epoxides into corresponding vicinal diols. It belongs to the a/b-hydrolase fold superfamily which includes dehalogenase, esterase, lipase and protease [1, 2] . EHs are ubiquitous in nature and occur in all types of living organisms including mammals, plants, insects, fungi and bacteria [3] . Nowadays, various EHs have been purified or overexpressed from different sources, e.g. mammals, plants, fungi and bacteria [4] [5] [6] [7] [8] [9] , and have been demonstrated to play distinct physiological roles in these organisms [10] . For example, EHs in human are involved in detoxification of various xenobiotics, and considered as potential target for disease treatments due to their associations with some diseases [11] .
EHs hydrolyze the epoxide via a trans opening of the oxirane, where the nucleophilic attack by a water molecule is assisted by the triad catalytic core which is composed of one catalytic histidine residue and two conserved asparatic acid residues [2, 10] . The hydrolysis of epoxide leads to invert the stereochemistry of one of the epoxide carbons. So some EHs have been used in kinetic resolution of racemic epoxides for preparation of enantiopure epoxides and diols [12, 13] . EHs with high enantioselectivity are mainly from microbial sources, such as bacteria and fungi, and have great potential application as biocatalysts [14, 15] .
White-rot basidiomycetes Phanerochaete chrysosporium is the model organism often used to study the mechanism of lignin biodegradation because of its extraordinary capability to degrade lignin and various pollutants, such as polycyclic aromatic hydrocarbons (PAHs) [16] [17] [18] . In order to meet the multiple metabolic requirements, P. chrysosporium has evolved to produce a variety of enzymes, such as lignin and manganese peroxidases, cytochrome P450s, etc. [19, 20] . Results from metabolite identification and the use of a peroxidase-negative mutant or P450 inhibitors suggested that P450 monooxygenases and other hydrolases might comprise an alternative oxidizing system for the biotransformation of different xenobiotics [21, 22] . EH activity has also been suggested to be involved in the metabolism of PAHs in this fungus [23] . Based on the whole genome sequencing and annotation by the Joint Genome Institute, at least 18 putative EH-encoding genes were found in P. chrysosporium, the highest number among all organisms [20] . However, there has been no report on the EH from this fungus.
In the present work, we reported the cloning and heterogeneous expression of an EH-encoding cDNA from P. chrysosporium BKM-F-1767. The catalytic characteristics of this EH toward several epoxides were investigated. The transcription of this EH under ligninolytic and nonligninolytic conditions was also analyzed. Availability of this EH will facilitate not only the understanding its physiological roles in this fungus, but also its potential application to biotransformation of epoxides and their vicinal diols in organic synthesis.
Materials and Methods

Fungal growth conditions
Phanerochaete chrysosporium BKM-F-1767 was incubated on CM plates as previously described [24] for 4 days at 398C, and the conidia were harvested from the plates with sterile water containing 0.1% (v/v) of Tween-20. One milliliter of conidia suspension (5 Â 10 8 conidia/ml) was inoculated into 50 ml low-nitrogen (LN) medium [25] in a 500 ml flask. The flask was flushed with pure oxygen and the stationary culture was incubated at 398C. The mycelia from 2 day-and 3 day-old cultures were harvested by filtration with sterile cheesecloth and washed with sterile PBS (137 mM NaCl, 2.7 mM KCl, 10 mM Na 2 HPO 4 , and 2 mM KH 2 PO 4 ). The mycelia were squeezed with filter paper and frozen in liquid nitrogen.
RNA isolation and RT-PCR
The mycelial samples from the above cultures were ground in liquid nitrogen. The total RNA of P. chrysosporium was isolated using Trizol reagent (Invitrogen, Carlsbad, USA) according to manufacturer's instructions. The total RNA was treated with DNase I (TaKaRa, Dalian, China) to remove genomic DNA. The first strand of cDNA was synthesized by reverse transcription using oligo(dT) 18 and reverse transcriptase (M-MLV; TaKaRa) according to manufacturer's manual. The cDNA encoding a putative EH designated as PchEHA corresponding to the gene model fgenesh1_pg.C_scaffold_15000173 annotated in the genomic sequence of Phanerochaete chrysosporium V2.0 was amplified by PCR using a pair of primers (forward primer: 5 0 -CGGATCCATGGACG-CGAGCCTCTTCAAG-3 0 , BamHI site underlined; reverse primer, 5
0 -CAAGCTTCTACTGTCCTCCTGA-GGCGAAGC-3 0 , HindIII site underlined). The PCR was performed using rTaq DNA polymerase (TaKaRa) in 25 ml mixture by MJ Gradient Cycler (Bio-Rad, Hercules, USA) under the following condition: an initial denaturation for 3 min at 948C; 30 cycles of 30 s at 948C, 30 s at 548C, 1 min at 728C; and a final extension for 10 min at 728C. The expected PCR product was cloned into pMD18-T vector (TaKaRa) resulting in the recombinant plasmid designated as pMT-EHA. The insert fragment was confirmed by DNA sequencing. Subsequently, the confirmed DNA fragment was subcloned into pET-28a (þ) vector (Novagen, Gibbstown, USA) by digestion with HindIII and BamHI. The resulting expression vector (pE28EHA) can express a fusion protein with a hexa-histidine tag at the N-terminal.
Transcriptional analysis by RT -PCR
For the analysis of transcription pattern of PchEHA under the defined conditions, P. chrysosporium was grown in the LN or high-nitrogen medium (HN) [25] at 378C in stationary cultures in the air. The mycelial samples form 2, 4, 6 day-old cultures of LN medium, 3, 6, 9 day-old cultures of HN medium, and cultures of medium supplemented with 1 mM of anthracene (by adding 100 mM stock solution in dimethylsulfoxide) were harvested. The total RNAs were isolated by using Trizol reagent according to the manufacturer's protocol.
The transcription analysis of PchEHA by RT -PCR was performed as described above. In addition, a pair of specific primers corresponding to glyceraldehyde-3-phosphate dehydrogenase gene (GPDH), a housekeeping gene of P. chrysosporium was used to amplify the GPDH fragment as an internal control. The sequences of forward and reverse primers for GPDH were 5 0 -CG-TATCGTCCTCCGTAATGC-3 0 and 5 0 -ACTCGTTGTC-GTACCAGGAG-3 0 , respectively.
Expression and purification of PchEHA
Expression of the recombinant protein was performed according to pET system manual. Briefly, 20 ml of the overnight culture of E. coli BL21(DE3) hosted pE28EHA
Epoxide hydrolase from Phanerochaete chrysosporium were inoculated into 2 L of Luria-Bertani medium containing 50 mg/ml of kanamycin. The culture was initially incubated at 378C with shaking at 200 rpm. When the OD 600 value of the culture reached about 0.5, IPTG was added at final concentration of 0.5 mM. The culture was transferred to 188C continued incubation for about 16 h. The cells were harvested by centrifugation at 4000 rpm for 10 min at 48C. Cell pellet was resuspended in 40 ml disruption buffer (20 mM Tris-HCl, pH 7.5, 250 mM NaCl, 0.5 mM PMSF, and 10% glycerol) and disrupted by sonication using Ultrasonic Homogerizer (ColeParmer, Vernon Hills, USA) on ice bath. Then, the lysate was clarified at 10,000 rpm for 10 min at 48C to remove the cell debris. The recombinant enzyme was purified from the cell lysate by immobilized metal ion affinity chromatography using Ä KTA prime system (Amersham, San Francisco, USA). Briefly, the lysate sample was loaded onto the chelating column (Amersham). After washing with five column volumes of buffer A (0.1 M phosphate buffer, pH 7.5, 250 mM NaCl, 10% glycerol, and 10 mM imidazole), the target protein was eluted with a linear gradient of imidazole from 10 to 500 mM in buffer B (0.1 M phosphate buffer, pH 7.5, 250 mM NaCl, and 10% glycerol). The fractions corresponding to the absorption peak at 260 nm were pooled and dialyzed against 100 volumes of dialysis buffer (50 mM phosphate buffer, pH 7.5, 1 mM DTT, and 0.1 mM EDTA) at 48C overnight. Finally, the powder sample was obtained by lyophilisationand stored at 2208C. Before active assay, the powder of purified enzyme was dissolved in the stock buffer (0.1 M phosphate buffer, pH 7.5, and 50% glycerol) and kept in 2208C. The purified protein was examined by SDS-PAGE (12.5%) and its concentration was quantified using AlphaImager software (Alpha Innotech Corporation, San Leandro, USA) package with bovine serum albumin (BSA) as a standard.
EH activity assay
The EH activity was analyzed by spectrophotometric method based on a chromogenic reaction of epoxides with 4-( p-nitrobenzyl)pyridine with some modifications [26, 27] . A representative assay was outlined briefly. The 50 ml of reaction mixture (100 mM Tris -HCl, pH 8.0) containing indicated amount of enzyme and epoxide was incubated at 408C for 30 min. Then, an aliquot of 50 ml of reagent A [50 mM 4-( p-nitrobenzyl)pyridine in 50% ethylene glycol and acetone] was added to terminate the reaction. The solution was immediately transferred to 808C water bath for exactly 10 min and cooled down to room temperature with running water. Finally, 20 ml of the reaction product were mixed with 0.28 ml 0.1 M phosphate buffer ( pH 8.0) and 100 ml of reagent B (40% triethylamine and 60% acetone). Then the absorbency at 565 nm was measured using spectrophotometer UV-2450 (Shimadzu, Tokyo, Janpan). The enzymatic activity was calculated according to the standard curve made in the same procedure as above with the substrate in a range of various concentrations. All the activity assays were carried out at least three times.
Optimal pH and temperature for hydrolytic reaction Styrene oxide was selected as substrate to determine the optimal pH and temperature. The activity assay was the same described as above by using 10 mg of purified enzyme and 30 mM styrene oxide. The pH range was set up from pH 4.0 to 12.0. To examine the effect of temperature on activity, the reaction mixture was incubated for 30 min at temperature of 20, 30, 40, 50, 60 and 708C, respectively.
Effects of chemicals on hydrolytic reaction
The effects of various chemicals including various metal ions, organic cosolvents on enzyme activity were determined using styrene oxide as substrate. The reaction mixture was set up in 50 ml mixture containing 10 mg purified enzyme and 30 mM styrene oxide. The various metal ions including LiCl, MgCl 2 , AlCl 3 , CaCl 2 , MnCl 2 , FeCl 2 , FeCl 3 , CuCl 2 , ZnCl 2 , CdCl 2 , BaCl 2 , and HgCl 2 at final concentration of 2.0 mM were tested. The effect of organic cosolvents on the enzyme activity, including dimethylsulfoxide, formamide, acetone, ethanol, methanol, acetonitrile and glycerol was determined as above at final concentration of 10% (v/v). The effect of oxidant (H 2 O 2 ) and metal chelators (EDTA-Na 2 ) on the activity were also determined as above in the presence of 5 mM H 2 O 2 and EDTA-Na 2 , respectively. The enzyme activity of reaction mixture in the absence of additional chemicals was regarded as 100% and the relative enzyme activity was calculated.
Determination of enantioselectivity
Enantioselective hydrolysis of the PchEHA toward several chiral epoxides was primarily investigated. Briefly, (R)-and (S)-enantomer of styrene oxide, epichlorohydrin, 1,2-epoxybutane and glycidyl tosylate were chosen as the substrate to examine the enantioselective hydrolysis using the indicated amount of PchEHA in 150 ml reaction mixture as described above. Further kinetic analysis was performed using (R)-and (S)-type Epoxide hydrolase from Phanerochaete chrysosporium of styrene oxide (30 mM) and glycidyl tosylate (10 mM) in 1.2 ml reaction mixtures (0.1 M Tris-HCl, pH 9.0) with 80 and 480 mg of the purified enzyme, respectively. An aliquot of 150 ml reaction mixture was withdrawn at indicated time points. And the residual amount of the epoxide was determined as described above.
Results
Cloning and sequence analysis of PchEHA A putative PchEHA cDNA was cloned from P. chrysosporium strain BKM-F-1767 by RT -PCR. The sequence was confirmed by DNA sequencing and deposited in GenBank with the accession number of EU348855. The coding region of this gene is 1005 bp in length and encodes 334 amino acid residues with a deduced molecular mass of 37.7 kDa (Fig. 1) . Comparison of the cDNA sequence with the corresponding genome DNA of P. chrysosporium RP78 [20] (Fig. 1) . To further determine the evolutional relationship between PchEHA and other EHs from various sources, a phylogenetic tree (Fig. 2) EHs Protein sequence alignment and calculation of phylogenetic distance were performed by Clustal Ver.1.83. The phylogenetic tree was drawn using MEGA 3.1. The protein sequences with accession number used here were downloaded from GenBank and PDB database: Solanum tuberosum sEH (Q41415), Glycine max sEH (CAA55294), Brassica napus sEH (AJ459780), Arabidopsis thaliana sEH (D16628), Homo sapiens sEH (AAA02756), Homo sapiens mEH (AAB60649), Mus musculus sEH (L05781), Mus musculus mEH (NP_034275), Rattus norvegicus sEH (NP_075225), Rattus norvegicus mEH (P07687), Caenorhabditis elegan sEH (ABV45408), Drosophila melanogaster mEH (BAD04047), Danio rerio mEH (AAH55594), Aspergillus niger mEH (AJ238460), Agrobacterium radiobacter AD1 sEH (1EHY_B), Mycobacterium tuberculosis sEH (2E3J_A), Corynebacterium sp sEH (CAA11900), Rhodotorula glutinis mEH (AF172998), Rhodotorula mucilaginosa mEH (AAV64029), Xanthophyllomyces dendrorhous mEH (AAF18956), PchEHA (this work). mEH: microsomal epoxide hydrolase; sEH: soluble epoxide hydrolase.
Epoxide hydrolase from Phanerochaete chrysosporium during the RT-PCR procedure. As shown in Fig. 3 , transcripts of the PchEHA were detected in the cDNA samples from 2, 4, 6 day-old cultures from the LN medium, under which condition ligninolytic system was usually formed [25] . The transcripts of PchEHA were also able to be steadily detected under HN medium during the whole experimental period (3, 6, 9 day-old cultures) while the addition of anthracene did not change the overall transcriptional pattern of PchEHA (Fig. 3) . The transcript ratio of PchEHA to the GPDH showed that transcriptional level of PchEHA under nitrogen-limited condition was somehow less than that under HN medium (Fig. 3) . However, the transcription profiles indicated that this EH-encoding gene could be transcribed under both of the ligninolytic condition and nonligninolytic condition with or without anthracene over the experimental periods.
Recombinant expression and purification of PchEHA
The cDNA encoding PchEHA was successfully expressed in E. coli BL21(DE3), resulting in a recombinant protein fused with a His-tag at N-terminal [ Fig. 4(A) ]. However, the recombinant protein was expressed in soluble form only at 188C. The molecular weight of purified protein was estimated to be about 42 kDa as determined by SDS -PAGE (12.5%), which is in agreement with the theoretic value of 41.3 kDa. The yield of the recombinant protein recovered after purification was estimated about 156 mg/L under this condition. The native-PAGE analysis revealed that this recombinant protein appears as monomer [ Fig. 4(B) ].
Hydrolytic activity toward epoxides
To determine the hydrolytic activity of PchEHA, several racemic epoxides including styrene oxide, epichlorohydrin, 1,2-epoxybutane were chosen as substrates. The results showed that this recombinant protein could hydrolyze the three epoxides into their corresponding diols (data not shown) based on the method as described by Doderer et al. [28] . To further probe the catalytic activity toward these epoxides, hydrolysis of the three epoxides with the purified recombinant protein was determined by monitoring the remaining substrates. Figure 5(A) showed that the percentage of the residual epoxides decreased more quickly with increasing concentration of PchEHA. Further catalytic kinetics analysis demonstrated that the survival amount of styrene oxide or 1,2-epoxybutane decreased rapidly within 30 min and slowly later, while the survival epichlorohydrin decreased sharply within 10 min [ Fig. 5(B) ]. The residual substrates remained at about 10%, 26% and 38% for styrene oxide, 1,2-epoxybutane and epichlorohydrin after 1 h incubation, respectively. These results indicate that PchEHA shows different specificity toward different epoxides.
Optimal pH and temperature
With styrene oxide as the substrate, the effect of pH and temperature on hydrolytic activity was determined. As shown in Fig. 6(A) , the enzyme was active in a broad range of pH. But activity of the EH increased quickly from pH 6.0 and exhibited maximum activity at pH 9.0, then decreased rapidly over pH 10.0. Analysis of the EH Figure 3 Transcriptional analysis of PchEHA under LN and HN medium by RT -PCR Transcripts of PchEHA at 2, 4 and 6 days under LN medium, and at 3, 6 and 9 days under HN medium amended with anthracene (þ) or not (2) . The relative transcripts of PchEHA in comparing to the GPDH is derived from the band intensity (shown above) using AlphaImager software. The transcripts of PchGPDH were analyzed as control under the same conditions. Epoxide hydrolase from Phanerochaete chrysosporium activity under different temperatures indicated that the EH displayed the activity at a wide temperature range and the optimal temperature for the enzymes was about 408C [ Fig. 6(B) ].
Effects of various chemicals on hydrolytic reaction
Using styrene oxide as substrate, the effect of various chemicals (including different metal ions and cosolvents) on enzyme activity was also determined at 408C for 30 min. As shown in Table 1 , and Ba 2þ respectively. The enzyme was not sensitive to metal chelator (EDTA-Na 2 ) at 5 mM. In addition, the activity was partially inhibited by H 2 O 2 at 5 mM. For cosolvents, the enzyme was partially inhibited by acetonitrile and methanol, slightly inhibited by formamide, dimethylsulfoxide and ethanol. The enzyme activity increased slightly in the presence of glycerol ( Table 1) .
Determination of enantioselective preference
In order to test whether this EH possesses the enantioselectivity toward (R)-or (S)-enantiomer of epoxides, four pairs of (R)-/(S)-epoxides were used for. 
Epoxide hydrolase from Phanerochaete chrysosporium
As shown in Fig. 7(A) , PchEHA hydrolyzed (R)-styrene oxide with great preference, while much less hydrolysis toward (S)-styrene oxide. But for the other three pairs of (R)-/(S)-epoxides, PchEHA showed very limited preference to (R)-or (S)-enantiomer in hydrolysis reaction. More importantly, this enzyme shows different preference to (R)-enantiomer of epichlorohydrin or to (S)-enantiomer of 1,2-epoxybutane and glycidyl tosylate.
The kinetic analysis was performed to further investigate the enantiopreference. The results demonstrated that the PchEHA showed significantly enantioselective preference toward (R)-styrene epoxide [ Fig. 7(B) ]. Under this condition, the survival of (S)-styrene oxide was steadily remained at about 26 mM after 90 min incubation. At the same time point, more than 99% of (R)-styrene oxide was hydrolyzed. In contrast, the hydrolysis of (S)-enantiomer of glycidyl tosylate was somehow higher than that for (R)-enantiomer [ Fig. 7(C) ], indicating that this enzyme exhibits less enantioselectivity toward glycidyl tosylate. The kinetic resolution of chiral epichlorohydrin and 1,2-epoxybutane was almost not different (data not shown).
These results suggested that PchEHA shows complex enantioselectivity in response to different chiral epoxides.
Discussion
PchEHA encoding an EH was first cloned from P. chrysosporium by RT -PCR. The sequence comparison demonstrates that there are six single nucleotide alternations in comparison with the genomic sequence from P. chrysosporium RP78 [20] . These differences may Epoxide hydrolase from Phanerochaete chrysosporium be derived from the strain variation. However, the conserved motifs and putative active sites are identical to other EHs from various sources (Fig. 1) . (Fig. 2) and is clustered as a dependent branch between bacteria and eukaryotic organisms, which is well in consistence with its systematic position in species evolution.
Results derived from RT-PCR demonstrated that the transcripts of PchEHA in different conditions could be always detected (Fig. 3) , which is consistent with the active data assayed using the crude mycelial extracts of P. chrysosporium grown in both of HN and LN medium (data not shown). However, the transcription of PchEHA is not constant during the experimental course. First, the transcription level was gradually decreased over the time in the low nitrogen medium; Secondary, a trend of the transcription was lower under nitrogen-limited condition than that under HN medium (Fig. 3) . One of reasons for the differences may be due to the nutrient limitation.
In view of the physiological functions, it was suggested that EH activity is involved in metabolism of certain xenobiotics in P. chrysosporium [23] . In fact, some enantiomeric diols have been identified among the metabolites of PAHs by P. chrysosporium [29] . P450 monooxygenases and EHs may comprise another metabolism pathway in biotransformation of PAHs because degradation of PAHs has been found under both the ligninolytic and nonligninolytic conditions [30] . Similar results have been obtained in another basidiomycetes Pleurotus ostreatus [31] . Altogether, results of this study suggested that EHs were indeed involved in xenobiotic metabolism not only under HN condition but also under LN condition because the transcripts of PchEHA were always detected both from ligninolytic condition (LN medium) and nonligninolytic condition (HN medium) over the experimental period (Fig. 3) .
PchEHA was successfully overexpressed in an active form in E. coli at 188C. When induced at 378C, the large part of recombinant protein was formed as inclusion body (data not shown), which may be contributed to misfolding or not enough time to fold correctly at the higher temperature. PchEHA occurred most likely as a monomer [ Fig. 4(B) ] like some EHs [32, 33] , while some others are dimer [34] or tetramer [35] . The recombinant enzyme should be helpful to get insights into the biochemical characterization and catalytic application.
As expected, the recombinant enzyme could hydrolyze various epoxides, with different specificity (Fig. 5) .
PchEHA showed an optimal hydrolytic activity under this condition at 408C and pH 9.0 with racemic styrene oxide as substrate (Fig. 6) . Previous researches suggested the soluble EHs of mouse, rat, human was inhibited strongly by Zn 2þ , Cd 2þ , Hg 2þ , and Cu 2þ [36] . Hydrolytic activity of the EH from P. chrysosporium was also strongly inhibited by Cd 2þ , and partially inhibited by Zn 2þ and Hg 2þ ( Table 1) . The similar responses to these metal ions were found in PchEHA, suggesting that PchEHA is likely a kind of soluble EH, which is consistent with the result of phylogenetic analysis (Fig. 2) . However, Cu 2þ has no obvious effect on the hydrolytic activity ( Table 1) . Comparison of the effects of various metals on hydrolytic activity of EHs from different sources suggested that metal effect is dependent on EH from various sources. But the mechanism of metals on hydrolytic activity remains unclear.
The organic solvent is usually needed for dissolution of substrate. Therefore, several cosolvents were selected to test their effects on the hydrolytic activity toward styrene oxide. It was shown that these cosolvents (10%; v/v), except acetonitrile and methanol, exhibited no or slight inhibition on the hydrolytic activity ( Table 1) , which is somehow different from that for the EH from Aspergillus niger [35] . The resistance against organic solvent for EHs will benefit the enantioselective hydrolysis of epoxide in two-phase or organic phase [8] .
Another aspect of EHs is their application in kinetic resolution of racemic epoxide in organic synthesis. Using 4 pairs of (R)-/(S)-epoxides as substrates, PchEHA form P. chrysosporium exhibited different enantioselectivity toward these chiral epoxides [ Fig. 6(A) ]. With chiral styrene oxide, the (R)-enantiomer is preferentially hydrolyzed, while less hydrolysis to the (S)-enantiomer. In contrast, the recombinant protein shows limited preference to (R)-or (S)-type of epichlorohydrin, 1,2-epoxybutane and glycidyl tosylate. Similar results have been reported for other EHs from different sources [4, 37, 38] . The reason may be explained by diversity in the amino acid sequence of various epoxides [17] . The structural and protein engineering studies have shown that the shape and conformation of the active site cavity in EHs [7, 39] may contribute to the substrate specificity and enantioselectivity. The range of substrates and specificity should be Epoxide hydrolase from Phanerochaete chrysosporium broadened so as to aid the application potential of PchEHA as a new biocatalyst used for kinetic resolution of certain racemic epoxide.
In conclusion, one of the EH-encoding genes from P. chrysosporium was first cloned and expressed successfully in E. coli, and biochemical characteristics of this recombinant enzyme were determined in this work. These results not only provided potential biocatalyst in organic synthesis for preparation enantiopure epoxides, like styrene oxide, but also benefit further investigation of their physiological functions in xenobiotic metabolism of P. chrysosporium.
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